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In the same sense, the adsorption and electroadsorption/desorption of 81 pyridine (Py) (Niu and Conway, 2002a) was studied for the purification of 82 industrial waste-waters. These authors studied this process using a high-83 area carbon cloth (C-cloth) electrodes as quasi-3-dimensional interfaces by 84 in situ UV-Vis spectrophotometry and scanning kinetic techniques.. 85
Removal of acid dyes (Hoda et al., 2006 ) from aqueous solutions by 86 adsorption onto high area activated carbon cloth (ACC) was investigated. 87 Kinetics of adsorption was followed by in situ UV-spectroscopy and the data 88
were treated according to pseudo-first order, pseudo-second order and 89 intraparticle diffusion models. 90
The adsorption of several herbicides on an activated carbon material has Calo et al. (Calo et al., 2012) . One of the conclusions was that the 127 application of an anodic potential increased considerably the adsorption of 128
As. 129
In addition, processes of adsorption/electrosorption of methylpyridinium. 130 pyrazine and 1-quinoline at high specific-area C-cloth interfaces were 131 monitored and kinetically analyzed by in situ spectrophotometry coupled 132 with 'scanning-kinetics' techniques (Niu and Conway, 2002b) . A rapid and 133 complete removal of methylpyridinium, pyrazine and 1-quinoline by 134 electrosorption under various conditions, preferably by negative current 135 polarization was achieved. 136
As an analogy to the present investigation, it has also been demonstrated 137 that Na montmorillonite modified by the addition of the ammonium acetate 138 exhibits interesting adsorption properties for the removal of 8-QCA 139 herbicide (Mekhloufi et al., 2013 The commercial activated carbon used in this work was an activated carbon 147 cloth provided by Carbongen (Spain), which is referred to as HST07. The 148 samples were washed several times with distilled water until constant pH, 149 and dried in an oven at very mild conditions (80 °C for 3 h) before each 150 experiment. The herbicide 8-Quinolinecarboxylic acid which presents a 151 reagent grade of 98% and the sodium sulfate were obtained from Sigma 152
Aldrich. All solutions were prepared using distilled water. 153
The textural properties of the ACC (activated carbon cloth) ( Table 1) was 154 analyzed by physical adsorption of gases (N2 at 77 K and CO2 at 273 K) 155 using an automatic adsorption system (Autosorb-6 Quantachrome 156 Corporation) after samples out-gassing at 523 K under vacuum for 4 h. 157
Nitrogen adsorption at 77 K was used for determining the total volume of 158 pores (Vt, determined at relative pressure of 0.99), the micropore volume 159 (VDR(N2), pore size smaller than 2 nm), which is obtained from the Dubinin-160 Radushkevich (DR) equation (the range of relative pressures used for the 161 DR analysis was: 0.005 < P/P0 < 0.17), and the apparent specific surface area 162 from the BET equation (SBET, applied at 0.05 < P/P0 < 0.17). The CO2 163 adsorption isotherm at 273 K was used to assess the narrowest micropores 164 (VDR(CO2), pore size smaller than around 0.7 nm) also by application of the Vt and VDR (N2). Since the micropore value determined by N2 uptake (that 172 fills the wider micropores) seems to be higher than that determined using 173 CO2 adsorption (which fills the most restricted narrow micropores) the 174 mean microporosity size is expected to be higher than 0.7 nm (Cazorla-175 Amorós et al., 1998). The slit geometry of the micropores of activated 176 carbons along with a mean micropore size in the range of 1 nm is especially 177 well-fitted for obtaining a large adsorption uptake of 8-QCA (ca. 0.9 nm in 178 length and planar geometry), ensuring the availability of most of the surface 179 area of ACC for the adsorption of 8-QCA. Moreover, the distribution of 180 porosity in activated carbon fibers is usually exposed to the surface of the 181 fiber, perpendicular to the fiber axis and shows a low tortuosity (i.e. straight 182 slit-like pores that runs in parallel from the external surface towards the 183 center of the fiber). In consequence, the diffusion of molecules on ACCs is 184 enhanced when compared to a GAC of similar properties, speeding up the 185 adsorption rate of aromatic compounds and other adsorbates ( Adsorption kinetics were studied by fitting experimental data of organic 231 adsorption from aqueous solutions using the Boyd model (Boyd et al., 1947) . 232
It allows to determine whether the main resistance to mass transfer is 233 internal, i.e. the diffusion rate of 8-QCA inside the pores of the adsorbent is 234 the slowest mass transfer rate, or external, i.e. mass transfer across the 235 layer of stationary liquid that surrounds the particle of the adsorbent is the 236 slowest process. 237
Where qe stands for the total uptake when the adsorption equilibrium is 239 reached, De is the effective diffusivity of 8-QCA in the carbon fiber (m 2 /s) 240 and ݀ is the mean diameter of the carbon fiber (m), which was estimated to 241 be around 10 -4 m using scanning emission microscopy. The initial form of 242 the model was simplified by Reichenberg (Reichenberg, 1953) , obtaining the 243 expression that follows: 244 
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Results clearly reveal that open circuit adsorption is only capable of 301 removing about 55 % of the total amount of 8-QCA in solution (Fig. 2, filled   302 triangles). Once an electric field is imposed by applying a difference of 303 potential between the electrodes of 3 V, the adsorption rate is rapidly 304 increased and the surface of the polarized cloth is then able to adsorb the 305 remaining 8-QCA, achieving nearly complete removal of the dissolved 306 herbicide (Fig.2, open triangles) . Furthermore, the third stage demonstrates 307 that switching off the applied voltage (i.e., returning to open circuit 308 conditions) does not involve desorption of the pollutant (Fig. 2, filled  309 squares), which suggests that the electrochemically-assisted removal of 8-
310
QCA in the presence of an ACC is an irreversible process. Because of the use 311 of low dc voltages, we can conclude that electroadsorption is an energy 312 saving and potentially cost-effective purification technology for assisting the 313 removal of dilute emerging pollutants, like herbicides, in wastewater by 314 means of porous solid adsorbents. In the following sections the 315 electroadsorption process will be studied in more detail. hydroxyquinoline, quinoline and ring-opened oxidation products from 357 quinoline (Thomsen, 1998) are molecules of smaller size that are able to 358 adsorb at faster rate and in larger amounts than the original compound over 359 the surface of the negatively polarized ACC electrode. In fact, quinolines are 360 known to be more effectively removed by electroadsorption over activated 361 carbon cloths submitted to negative polarization (Niu and Conway, 2002b) . 362
Contrariwise, attaching the ACC to the anode greatly hinders the activity of 363 the Ti/Pt, since it will be providing only a small fraction of the active area of 364 the electrode. Taking into account the measured pKas of the 8-QCA molecule 365 (2.36 and 6.76) (Garribba et al., 2003) it follows that the pollutant molecule 366 is in its zwitterionic form (deprotonated carboxylate group and protonated 367 quinoline nitrogen) at the electrolyte pH (5.4). Thus, adsorption at the 368 initial stages over the positively polarized activated carbon cloth will 369 proceed at faster rate during the formation of the electric double layer than 370 in normal adsorption because electrostatic attraction between the positively 371 polarized surface of the ACC and the negatively charge carboxylic group of 372 the pesticide; unfortunately, the large amount of solvated SO4 = anions in the 373 media will also compete with the adsorption of the pesticide in this case, 374 rendering a uptake lower than that reached in the equilibrium for normal 375 adsorption (Han et al., 2006) . Beyond that point, a higher uptake can only 376 be attained through oxidation of 8-QCA by the Pt/Ti mesh, that also 377 proceeds at much slower rate than in cathodic configuration. 378
This explanation is also supported by the higher current (which is directly 379 related to the kinetics rate of the reactions that may occur over the 380 electrodes) registered by the cell when ACC is attached to the cathode. 381
Current intensity starts at 93 mA and then increases to be held around 180 382 mA from the first half hour until the end of the experiment. In anodic 383 configuration, the current moves from 67 mA in the initial stage of the 384 oxidation down to 25-30mA from two hours up to the end of the experiment. 385 386 387 Table 2 : Removal efficiency of 8-QCA by different processes (2 hours long) using HST07 (ACC).
388
Process % 8-QCA removed
At 2h
At 24h
Bath adsorption 44 52
Open-circuit adsorption filter-press 45 55
Cathodic electroadsorption 87 96
Anodic electroadsorption 65 84
389
In order to check the above suggestion, an electrooxidation experiment of 390 the herbicide 8-QCA was performed in a filter-press cell in the absence of 391 the carbon material. Fig. 4 shows the UV-Vis spectra of the initial solution 392 a maximum at 315 nm. This spectral profile has been earlier reported for 400 protonated quinoline dissolved in aqueous media (Niu and Conway, 2002b) . 401
Since the pesticide is in its zwitterionic form, the expected molecular 402 structure is fully coherent with the recorded electron absorption spectrum. 403
After 24 h of electrolysis in the absence of ACC inside the filter-press cell, 404 two more absorption bands at 275 nm and 370 nm appeared. The first one 405 corresponds to the formation of quinone species. This assignment is also 406 supported by the yellow coloration of the solution which gets darker as the 407 experiment progresses. The band at higher wavelength is still of unknown 408
nature, yet it lies in a region where hydroxi-quinolines show strong 409 absorption bands (Tegge, 1968) QCA is accompanied by its oxidation on the anode surface. The appearance 434 of yellowish colour suggests that the oxidized products are formed over the 435 Ti/Pt anode at a kinetic rate faster than their adsorption rate of the ACC on 436 the cathode. As the experiment goes on, either these oxidized products are 437 finally adsorbed on the ACC or they are oxidized again to form new oxidized 438 products that are more prone to be adsorbed on the ACC. 439
In clear contrast, the solution remained transparent during the whole 440 anodic experiment, which is pointing out that the oxidation kinetic rate of 8-441
QCA is lower than the adsorption rate of 8-QCA or its oxidized products 442 over the ACC surface. Thus, the additional removal rate provided by the 443 adsorption of 8-QCA oxidation compounds is much lower for the anodic 444 experiment. These results seem to be in agreement with the differences in 445 the adsorption behavior observed in Fig. 3 . electroadsorption experiments (ACC acting as anode), the oxidation of 8-502 QCA seems to be slow, though enhanced adsorption rate of the pollutant 503 thanks to the intervention of electrostatic forces is observed in the first 504 minutes of the adsorption experiment. In cathodic configuration, enhanced 505 uptake and rate of 8-QCA comes along with its faster oxidation rate and 506 enhanced uptake of the oxidation products of the herbicide. 507
The comparison of cathodic electroadsorption and batch adsorption kinetic 508 parameters suggests that the primary effect of the applied electric field is 509 the enhancement of the adsorption rate through an increased mobility of the 510 pollutant inside the pore network of the ACC. It is followed by an enhanced 511 adsorption capacity at equilibrium, which seems to be connected to both the 512 polarization of the ACC providing an improved interaction between 8-QCA 513 and the surface of the ACC, and the higher adsorption uptake showed by 514 ACC towards the quinolines-like and other oxidized products coming from 515 the oxidation of the pollutant on the anode. These results clearly points out 516 that electroadsorption using activated carbon cloths is a very promising and 517 cost-effective technology for the purification of surface and groundwater 518 contaminated from agricultural run-off. 519 5. 5. 5. 5. Acknowledgments
